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THE NUTRITIVE VALUES OF SOME FORAGE CROPS OF PUERTO RICO 


THE NUTRITIVE VALUES OF SOME FORAGE CROPS 
OF PUERTO RICO‘ 


III. Grasses, Legumes and Mixtures 
by Joseph H. Axtmayer, G. Rivera Hernandez and D. H. Cook with 
the technical assistance of José A. Goyco, M. C. de Fer- 
nandez, J. P. Rodriguez and F. Méndez, 


from the Department of Chemistry of the School of Tropical 
Medicine, San Juan, Puerto Rico and the Department of Chemistry 
and Agronomy of the Agricultural Experiment Station, 
Rio Piedras, Puerto Rico. 


This paper is a report of data collected during the performance 
of seventeen digestion trials with native sheep, as a continuation 
of the studies of the nutritive values of forage crops begun three 


years ago. 


Our previous publications give the details of the experimental 
procedures followed, and may be referred to. 


MATERIALS 


The forage crops studies and the trials conducted with each 
were as follows: Three trials with cow peas of which the first 
was conducted when the plant was beginning to bloom, the second 
during the full bloom stage, and the third during the full pod 
stage; three trials with Merker grass collected just after the bloom- 
ing stage; one with “Yaragua” grass during the blooming stage; 
two with Para grass just after the blooming stage; three with 
alfalfa hay which was not completely dried; one with a mixture 
consisting of 2/3 Merker grass and 1/3 pigeon pea in the full 
bloom stage; one with another mixture consisting of 2/3 Para grass 
and 1/3 pigeon pea in the full bloom stage; and three trials with 
alow nitrogen synthetic ration used for the purpose of determin- 
ing the protein maintenance requirements of all the sheep used in 
the above trials. 


1 Cooperative project between the Agricultural Experiment Station of the 
University of Puerto Rico and the School of Tropical Medicine. 
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Data and Discussion 


The schedule followed during the course of the studies is giyey 
in Table 1. 

Table 2 gives the weights of the wet and dry feed consume 
or refused and the feces eliminated, the volumes of water the sheep 
drank and that of the urine voided during each of the ten-day 
trials. Except in the trial with the alfalfa hay, it will be noticed 
that the water intake is low compared with the urine voided. This 
is accounted for by the fact that the crops, as brought from the 
field, were wet with either rain or dew, while the alfalfa had been 
partially dried and stored. 


Tables 3 and 4 contain data collected during the low protein 
trials performed to determine the protein maintenance require. 
ments of our sheep. Various synthetic rations were tried, some 
of which were entirely refused or eaten sparingly by the animals. 
The final rations used, from which the data herein reported were 
collected, had the following compositions. 


Rations Trial 15 Trials 16 and 17 


Merker grass strawi 20 % 50% 
Sucrose, brown 21.4% 15% 
Corn starch 21.4% 25% 
2.0% 5% 
1.3% 3% 

33.9% 
2% 


The elimination of the Cellu flour, the decrease in the per- 
centage of sucrose and the addition of salt seemed to produce a 
more appetizing ration. The values obtained for the fecal nitrogen 
per gram of dry matter ingested and the urinary nitrogen per 
kilogram of body weight compare favorably with the previously 
obtained values. 


The percentages by weight, determined on the dry basis, of 
the nitrogen in the feeds fed, feeds refused, and feces and urine 
eliminated (the values for the latter being expressed in percentages 
by volume), are given in Table 8, while Table 9 contains the chem- 
ical analyses of the feces as determined on the dry basis. 


1 Prepared in the laboratory by removing all the leaves from the air dried 
grass, cleaning the stems and then grinding them. 
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A summary of the data collected during the digestion trials 
upon which the calculations of the biological values of the proteins 
of the grasses and legumes studied is given in Table 10. The bio- 
logical value of the protein of the cow pea increases as the plant 
changes from the just before blooming stage through the full 
bloom to the full pod stages. The Para grass protein gave a high- 
er biological value than the Merker grass protein, both having 
been harvested during the same stage of maturity. In the cases 
of the mixtures, the Para grass —pigeon pea mixture gave a higher 
biological value for protein than the Merker grass— pigeon pea 
mixture. 

Table 11 contains data relative to the digestible nutrients per 
100 pounds of legumes and grasses as harvested for our trials. 
Among the legumes, we find that the alfalfa hay yields the highest 
total digestible nutrients together with a narrow nutritive ratio. 
Among the grasses, Yaragua grass has the highest total digestible 
nutrients, but a very wide nutritive ratio. 


The digestible nutrients produced per cuerda! of the grasses 
and legumes are found in Table 12, while Table 13 gives us the 
yields of calcium and phosphorus per cuerda and per ton of green 


legumes and grasses. 


The net protein values of the legumes and grasses studied, fed 
singly or in mixtures, are given in Table 14. These values are of 
importance in calculating the weight of any feed necessary to 
maintain an animal in nitrogen equilibrium or to supply the re- 
quirements for milk production or growth. The grasses may be 
arranged in the following order of decreasing efficiency as regards 
their net-protein values if. we collect all the data made available 
in this and previous studies: 1. Guinea grass, 0.80; 2. Merker 
grass, 0.78; 3. Para grass, 0.70; 4. Elephant grass, 0.64; 5. Gua- 
temala grass, 0.64; and Yaragua grass, 0.34. 


The data of the nitrogen balance in grams as the percentage 
of the total intake are used to calculate the total nitrogen stored 
by the animals, and are contained in Table 15. 

A summary of the indexes determined during the trials is 
given in Table 16. 


The vitamin A activities of the grasses studied were also 
determined. The results given in Table 17 were obtained during 
the last two years. 


1 One “cuerda” = 0.9712 acre. 
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SUMMARY AND CONCLUSIONS 


The data for a total of seventeen digestion trials with sheep 
receiving grasses, legumes, two mixtures of these, and low proteip 
synthetic mixtures as sole rations are reported. 

The biological values for the proteins of the cow pea increag 
as the plant passes from the just before blooming stage through 
the full bloom to the full pod stages of maturities. The biological 
values for proteins are also higher for the grasses than for the 
legumes when fed singly. 

The grasses studied during the last three years can be ar. 
ranged in the following order of decreasing net-protein values: 
Guinea, Merker, Para, Elephant, Guatemala and Yaragua. 

The nutritive ratio for the Yaragua grass is very wide due 
to the low digestible protein, as is shown in the data. 

Alfalfa hay yields more total digestible nutrients, more crude 
fiber and more ether soluble extract than any of the other legumes 
studied. 

The percentage intake of protein stored is greater with a mix- 
ture of Merker grass and pigeon pea than when the grass is fed 
alone. 

The vitamin A activities of some grasses and legumes are 
reported. 
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TABLE 4. 

5 MAINTENANCE REQUIREMENT OF LAMBS AVERAGING 18.67 KGS. IN WEIGHT, 

S BODY NITROGEN IN FECES PER GRAM OF DRY MATTER INGESTED AND BODY NITROGEN 

| IN URINE PER KG. OF BODY WEIGHT, BASED ON TEN-DAY TRIALS DURING WHICH 

2 NEARLY NITROGEN-FREE RATIONS WERE FED 

Fecal 

I Total nitrogen Urinary 
Q Dry Nitrogen Total Total urinary per gm. of| nitrogen 
a Trial Animal Average matter in feed fecal urinary and fecal | dry matter| per kg. 
= No. No. weight ingested consumed | nitrogen nitrogen nitrogen ingested {body weight 

@ Kg. Grams Percent Grams Grams Grams Grams Grams 

a 15 x ( 17.46 3236 0.130 10.39 7.84 18.23 0.00321 0.449 
8 8 14.27 1902 0.130 7.33 7.35 14.68 0.00386 0.515 
P| 13 17.18 1814 0.130 7.84 14.11 - 21.95 0.00431 0.821 
5 14 18.67 2658 0.130 10.67 ph By rg 22.44 0.00401 0.630 

B 16 1 18.01 3465 0.081 14.00 7.57 21.57 0.00404 0.420 
3 3 17.27 3128 0.081 12.66 8.82 21.48 0.00405 0.511 
g 4 19.65 2784 0.081 10.06 14.99 25.05 0.00361 0.763 
* 5 19.86 2594 0.081 10.87 9.68 20.55 0.00419 0.487 
ro) 6 21.19 2851 0.081 13.62 1.01 21.33 0.00476 0.364 

S 17 7 14.91 2736 0.126 11.01 7.30 18.31 0.00402 0.490 
= 9 21.94 3437 0.126 19.38 13.81 33.19 0.00564 0.629 
2 10 23.64 3588 0.126 15.98 10.96 26.94 0.00445 0.463 

a Averages of 12 animals Values used in the calculation of the data. 0.00418 0.545 


‘+’ 


TABLE 5 


FEED 
ANALYSES OF GRASSES Al] 
Wet Basis 
| Crude Ether- 
? Total protein soluble 
— | Item moisture | (N x 6.25) extract 
0. 
Percent Percent Percent 
1 ‘Cow pea (starting blooming) 88.34 2.09 0.54 
2 ‘Cow pea (full blooming stage) 87.80 2.45 0.62 
3 ‘Cow pea (in full pods) 83.84 2.25 0.54 
4 'Merker grass (after blooming) 76.01 2.07 0.75 
5 | do. 76.62 2.49 0.68 
6 Yaraguad grass (N only) 68.41 0.99 0.78 
7 Alfalfa hay 15.50 15.11 2.05 
8 do. 14.45 15.72 1.90 
9 do. 14.62 14.25 1.71 
10 ‘Merker grass (after blooming) 78.82 1.95 0.64 
ig 2/3 Merker grass (blooming) + 
1/3 pigeon peas (in flower) 78.16 2.99 0.90 
19 2/3 Para grass + 1/3 pigeon 
peas (in flower) 78.59 2.56 0.62 
13 Para grass (after blooming stage) 79.39 1.70 0.51 
14 do. : 81.42 2.07 0.48 
TABLE 6 
FEED 
ANALYSES OF GRASSES A 
Dry Basis 
Crude Ether- 
Trial Total protein soluble 
No. Item solids (N x 6.25) | extract 
Percent Percent Percent 
i Cow pea (starting blooming) 11.66 17.94 4.59 
2 Cow pea (full blooming stage) 12.20 20.06 5.07 
3 Cow pea (in full pods) 16.16 13.95 3.37 
4 Merker grass (after blooming) 23.99 8.63 3.12 
5 do. 23.38 10.63 2.92 
6 Yaragua grass (N only) 31.59 3.13 2.48 
is Alfalfa hay 84.50 17.88 2.43 
8 do. 85.55 18.38 2.22 
9 do. 85.38 16.69 2.00 
10 Merker grass (after blooming) 21.18 9.19 3.04 
11 2/3 Merker grass (blooming) + 
1/3 pigeon peas (in flower) 21.84 13.69 4.13 
12 2/3 Para grass + 1/3 pigeon 
peas (in flower) 21.41 11.94 2.91 
13 Para grass (after blooming stage) 20.61 8.25 2.47 
14 do. 18.58 11.13 2.57 


TABLE 5 


FEED 
ANALYSES OF GRASSES AND LEGUMES 
Wet Basis 
Crude Ether- 
protein soluble Crude Carbo- 
re | (N x 6.25) extract fiber hydrate Ash 
t Percent Percent Percent Percent Percent 
4 2.09 0.54 3.09 4.13 1.81 
0 2.45 0.62 2.97 4.30 1.86 
4 2.25 0.54 4.97 6.39 2.01 
1 2.07 0.75 8.66 10.06 2.45 
2 2.49 0.68 7.52 9.75 2.94 
uf 0.99 0.78 12.14 15.22 2.46 
0 15.11 2.05 29.61 28.12 9.61 
5 15.72 1.90 31.75 26.79 9.39 
2 14.25 142 32.02 28.80 8.60 
2 1.95 0.64 7.48 8.83 2.28 
6 2.99 0.90 7.10 8.88 1.97 
9 2.56 0.62 6.77 9.51 1.95 
9 1.70 0.51 6.74 9.73 1.93 
2 2.07 0.48 4.93 8.44 2.66 
TABLE 6 
FEED 
ANALYSES OF GRASSES AND LEGUMES 
Dry Basis 
Crude Ether- 
protein soluble Crude Carbo- 
(N x 6.25) extract fiber hydrate Ash 
t Percent Percent Percent | Percent Percent 
6 17.94 4.59 26.51 25.46 15.50 
0 20.06 5.07 24.36 25.25 15.26 
6 13.95 3.37 30.77 29.50 12.41 
9 8.63 3.12 36.10 41.92 10.23 
8 10.63 2.92 32.16 41.72 12.57 
9 8.18 2.48 38.43 48.18 7.78 
0 17.88 2.43 35.04 33.28 E37 
5 18.38 . 2.22 out 31.31 10.98 
8 16.69 2.00 37.50 33.74 10.07 
8 9.19 3.04 35.31 41.69 10.77 
4 13.69 4.13 32.52 40.66 9.00 
1 11.94 2.91 ~- 31.60 44.46 9.09 
1 8.25 2.47 32.69 47.21 9.38 
8 11.13 2.57 26.55 45.45 14.30 


— | 


Ash Calcium | Phosphorus) Ca./P 
ratio 
ercent Percent Percent 

1.81 0.236 0.0247 9.53 
1.86 0.362 0.0257 10.62 
2.01 0.174 0.0722 3.20 
2.45 0.0825 0.0461 1.79 
2.94 0.0905 0.0423 2.10 
2.46 0.108 0.0417 2.59 
9.61 0.980 0.192 5.11 
9.39 0.975 0.178 5.48 
8.60 1.03 0.180 5.73 
2.28 0.0591 0.0428 1.38 
1.97 0.115 0.0542 2.12 
1.95 0.115 0.0617 1.87 
1.93 0.0511 0.0437 ize 
2.66 0.0632 0.0407 1.55 
Ca./P 

Ash Calcium | Phosphorus ratio 

Percent Percent Percent 

15.50 2.02 0.212 9.53 
15.26 2.24 0.211 10.62 
12.41 1.43 0.447 2.20 
10.23 0.344 0.192 1.79 
12.57 0.380 9.181 2.10 
7.78 0.342 9.132 2.59 
11.37 1.16 0.227 5.11 
10.98 1.14 0.208 5.48 
10.07 1.21 0.211 5.73 
10.77 0.279 0.202 1.38 
9.00 0.525 0.248 2.12 
9.09 0.538 0.288 1.87 
9.38 0.248 0.212 mY; 
14.30 0.340 0.219 1.55 
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SUMMARY OF METABOLISM EXPERIMENTS Ul 
OF BIOLOGICAL VALUES oF |: 
LEGUMES AND GRASSE 


Body Weight Feed Feed Nitrogen 
intake intake intake 
Trial Animal Initial Final Average Wet Dry 
No, Ration number Kem. Kgm. Kgm. 
Grams. Grams. Grams. 
1 17.80 18.71 18.26 50,236 5,403 172.78 
2 18.82 19.28 19.05 54,432 5,818 187.33 
1 Cow peas (starting blooming) 3 18.71 18.60 18.66 60,896 6,939 224.62 
o 18.03 18.71 18.37 48,989 5,317 170.91 
5 19.28 19.62 19.45 55,453 5,856 199.27 
6 19.73 22.11 20.92 62,370 6,686 211.72 
7 14.29 15.08 14.69 54,772 5,933 236.61 
8 16.22 17.35 16.79 60,102 6,923 260.55 
2 Cow peas (full-blooming stage) 9 18.94 20.41 19.68 68,493 7,895 284.10 
10 18.14 19.50 18.82 66,793 7,739 279.55 
11 23.47 23.02 23.25 56,247 6,388 247.71 
12 25.29 26.54 25.92 72,916 8,135 298.38 
1 19.28 20.19 19.74 50,236 7,802 212.39 
2 19.50 20.19 19.85 46,267 7,041 199.68 
3 Cow peas (in full pods) 3 18.71 20.41 19.56 50,123 7,941 214.71 
4 19.73 20.53 20.13 46,494 6,978 198.63 
5 21.32 21.32 21.32 49,102 7,514 207.58 
6 22.68 23.59 23.14 58,514 8,908 230.86 
, 7 16.33 16.44 16.39 26,309 5,456 113.33 
8 16.44 17.58 17.01 28,376 5,114 109.81 
4 Merker grass (after blooming) 9 20.75 20.41 20.58 31,298 6,186 120.85 
10 19.96 21.43 20.70 34,247 6,945 128.67 
11 21.09 22.23 21.66 29,371 5,631 115.13 
12 24.04 24.49 24.27 31,752 6,249 121.50 
1 19.62 19.62 19.62 33,793 6,445 146.19 
2 19.73 19.62 19.68 29,030 5,438 133.20 
5 Merker grass (after blooming) 3 18.94 20.30 19.62 32,659 5,897 139.12 
5 21.21 20.87 21.04 29,938 5,541 134.53 
6 23.47 23.59 23.53 35,154 6,685 149.28 
7 15.88 14.97 15.43 16.217 3,695 27.42 
8 16.44 16.56 16.50 17,918 4,399 30.15 
6 Yaragud (N only) full bloom 9 20.75 19.96 20.36 19,268 4,888 32.04 
10 20.53 20.75 20.64 19,619 4,980 32.39 
11 22.57 22.57 22.57 20,515 5,405 34.19 
12 26.20 25.86 26.03 20,639 5,399 34.17 
1 19.16 21.55 20.36 8,051 6,888 234.16 
2 19.16 21.32 20.24 8,392 7,155 240.62 
7 Alfalfa hay 3 19.50 22.00 20.75 8,505 7,264 243.25 
4 20.19 20.64 20.42 8,165 6,981 236.41 
5 20.41 22.00 21.21 8,959 7,694 253.66 
6 23.25 25.40 24.33 10,433 8,915 296.69 
7 16.10 18.60 17.35 7,825 7.040 266.38 | 
8 17.01 18.82 17.92 9.412 8,246 293.52 
8 Alfalfa hay 9 21.21 23.25 22.23 9,639 8,519 320.20 | 
10 20.75 23.70 22.23 10,546 9,530 242.95 
11 24.27 26.31 25.29 11,794 10,355 361.51 
12 25.86 29.26 27.56 11,227 9,995 353.41 
:: 22.11 23.59 22.85 9,866 8,754 311.19 
> 4 21.89 22.79 22.34 9,299 8,131 299.10 | 
9 | Alfalfa hay 3 20.98 23.36 22.17 9.866 8,623 308.64 
4 22.11 22.23 22.17 8,959 7,939 295.37 | 
5 22.45 23.93 23.19 10.093 8.820 812.47 | 
6 24.49 27.90 26.20 12,474 10,909 352.99 
7 16.22 18.60 17.41 32.773 6,508 127.81 | 
8 16.90 18.60 17.75 24.474 
10 21.43 23.81 22.62 41.391 8.307 49 
Merker grass (after blooming) 21.66 24.97 41.617 8,219 156.76 | 
13 18.71 20.41 19.56 34,814 6.952 181.49 
14 20.30 20.75 20.53 34.247 6,925 131.27 = 
1 20.53 22.68 21.61 34,814 6.830 200.67 


~_ 


IMENTS UPON WHICH THE DETERMINATION 
\LUES OF PROTEINS IN THE 


ID GRASSES IS BASED 
Nitrogen Total Body Food Absorbed Total Body Food Food 
intake fecal Nitrogen Nitrogen Nitrogen Nitrogen Nitrogen Nitrogen Nitrogen Average 
Nitrogen in feces in feces in urine in urine in urine retained oe — 
ue vaiue 
Grams. Grams. Grams. Grams. Grams. Grams. Grams. Grams, Grams, 
172.78 38.71 22.58 16.13 156.65 114.95 9.95 105.00 51.65 83 
187.33 46.18 24.32 21.86 165.47 126.64 10.38 116.26 49.21 30 
224.62 53.66 29.00 24.66 199.96 153.34 10.17 143.17 56.49 28 33 
170.91 35.97 22.23 13.74 157.17 112.28 10.01 102.27 54.90 35 
199.27 43.86 24.48 19.38 179.89 151.08 10.60 140.48 39.41 22 
211.72 46.35 27.95 18.40 193.32 127.93 11.40 116.53 76.79 40 
236.61 43.66 24.80 18.86 217.75 134.67 8.01 126.66 91.09 42 
260.55 59.27 28.94 30.33 230.22 151.02 9.15 141.87 88.35 38 
284.10 61.70 33.00 28.70 255.40 170.11 10.73 159.38 96.02 38 40 
279.55 59.43 32.35 27.08 252.47 159.29 10.26 149.03 103.44 41 
247.71 58.27 26.70 31.57 216.14 172.64 12.67 159.97 56.17 26 
298.38 63.21 34.00 29.21 269.17 168.60 14.13 154.47 114.70 43 
212.39 52.56 32.61 19.95 192.44 109.95 10.76 99.19 93.25 48 
199.68 43.81 29.43 14.38 185.30 108.47 10.82 97.65 87.65 47 
214.71 51.21 33.19 18.02 196.69 114.98 10.66 104.32 92.37 47 47 
198.63 45.51 29.17 16.34 182.29 111.83 10.97 100.86 81.43 45 
207.58 52.04 31.41 20.63 186.95 116.51 11.62 - 104.89 82.06 44 
230.86 64.37 37.24 27.13 203.73 119.09 12.61 106.48 97.25 48 
113.33 38.48 22.81 15.67 97.66 54.57 8.93 45.64 52.02 53 
109.81 39.35 21.38 17.97 91.84 57.60 9.27 48.33 43.51 47 
120.85 46.15 25.86 20.29 100.56 68.75 11.22 57.53 43.03 43 47 
128.67 47.11 29.03 18.08 110.59 67.74 11.28 56.46 54.13 49 
115.13 42.70 23.54 19.16 95.97 (Dye: 11.80 59.93 36.04 38 
121.50 46.92 26.12 20.80 100.70 69.32 13.23 56.09 44.61 45 
146.19 49.07 26.94 22.13 124.06 80.87 10.69 70.18 53.88 43 
133.20 38.81 22.73 16.08 W412 66.69 10.73 55.96 61.16 52 
139.12 48.31 24.65 23.66 115.46 74.13 10.69 63.44 52.02 45 47 
134.53 43.29 23.16 20.13 114.40 69.93 11.47 58.46 55.94 49 
149.28 52.06 27.94 24.12 125.16 81.68 12.82 68.86 56.30 45 
27.42 22.25 15.45 6.80 20.62 13.37 8.41 4.96 15.66 76 
30.15 26.03 18.39 7.64 22.51 13.34 8.99 4.35 18.16 81 
32.04 24.47 20.43 4.04 28.00 15.57 11.10 4.47 23.53 84 83 
32.39 26.94 20.82 6.12 26.27 16.63 11.25 5.38 20.89 80 
34.19 28.11 22.59 5.52 28.67 16.90 12.30 4.60 24.07 84 
34.17 28.16 22.57 5.59 28.58 16.88 14.19 2.69 25.89 91 
234.16 76.90 28.79 48.11 186.05 161.77 11.10 150.67 35.38 19 
240.62 74.53 29.91 44.62 196.00 148.20 11.03 137.17 58.83 30 
243.25 79.36 30.36 49.00 194.25 162.98 11.31 151.67 42.58 22 33 
236.41 72.01 29.18 42.83 193.58 152.68 11.13 141.55 52.03 27 
253.66 78.92 32.16 46.76 206.90 141.91 11.56 130.35 76.55 37 
296.69 92.77 37.26 55.51 241.18 160.09 13.26 146.83 94.35 39 
266.38 78,22 29.43 48.79 | 217.59 139.15 9.46 129.69 87.90 40 
293.52 92.64 34.47 58.17 | 235.35 147.66 9.77 137.89 97.46 41 
32020 | 78.91 35.61 43.30 | 276.90 181.09 12.12 168.97 107.93 39 39 
242.95 —- 104.83 29.84 64.99 | 277.96 191.24 12.12 179.12 98.84 36 
36151 © = 112.15 43.28 68.87 292.64 195.39 13.78 181.61 111.03 38 
353.41 = 108.49 41.78 66.71 286.70 181.93 15.02 166.91 119.79 42 
pap 95.25 36.59 58.66 252.53 178.80 12.45 166.35 86.18 34 
oar | 87.62 33.99 53.63 245.47 161.69 12.18 149.51 95.96 39 
ace | 88.76 26.04 52.72 255.92 165.12 12.08 153.04 102.88 40 37 
ee | 86.52 33.19 53.33 242.04 178.11 12.08 166.03 76.01 31 
352.99 Peed 36.87 54.40 258.07 153.64 12.64 141.00 117.07 45 
| _ 45.60 66.25 286.74 199.19 14.28 184.91 101.83 35 
oe 40.59 27.20 13.39 114.42 67.99 9.49 58.50 55.92 49 
95 | 44.86 28.79 16.07 114.88 69.64 9.67 | 59.97 54.91 48 
157.49 48.89 34.72 14.17 143.32 72.86 12.33 £0.53 82.79 58 
156.76 | 52.58 34.36 18.22 138.54 89.57 12.52 77.05 61.49 44 
131.49 42.57 29.06 13.51 117.98 72.20 10.66 61.54 56.44 48 
131.27 47.68 28.95 18.73 112.54 72:80 19 
. 11.19 61.61 50.93 45 
200.67 70.02 28.55 41.47 159.20 102.14 11.78 | 90.36 £8.84 43 
4 G5 S74 11.40 | 76,07 78.61 51 
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12 


13 


14 


2 19.73 19.62 19.68 29,030 5,438 
Merker grass (after blooming) 3 18.94 20.30 19.62 32,659 5,897 
5 21.21 20.87 21.04 29,938 5,541 
6 23.47 23.59 23.53 35,154 6,685 
7 15.88 14.97 15.43 16.217 3,695 27.4 
8 16.44 16.56 16.50 17,918 4,399 30.1 
Yaraguad (N only) full bloom 9 20.75 19.96 20.36 19,268 4,888 32.0 
10 20.53 20.75 20.64 19,619 4,980 32.3 
11 22.57 22.57 22.57 20,515 5,405 34.1 
12 26.20 25.86 26.03 20,639 5,399 34.1 
1 19.16 21.55 20.36 8,051 6,888 234.1 
2 19.16 21.32 20.24 8,392 7,155 240.6 
Alfalfa hay 3 19.50 22.00 20.75 8,505 7,264 243.2: 
4 20.19 20.64 20.42 8,165 6,981 236.4: 
5 20.41 22.00 21.21 8,959 7,694 253.61 
6 23.25 25.40 24.33 10,433 8,915 290.4! 
| 
7 16.10 18.60 17.35 | 7,825 | 7.040 266.35 
8 17.01 18.82 17.92 | 9.412 | 8,246 293.5: 
Alfalfa hay 9 21.21 23.25 22.23 9,639 8,519 320 2 
10 20.75 23.70 22.23 10,546 9,530 242.95 
11 24.27 26.31 25.29 11,794 | 10,355 361.51 
12 25.86 29.26 27.56 | 11,227 | 9,995 353.41 
1 22.11 23.59 22.85 | 9,866 | 8,754 311.19 
2 21.89 22.79 22.34 | 9,299 | 8,131 299.10 
Alfalfa hay 3 20.98 23.36 22.17 | 9.866 | 8,623 308.64 
4 22.11 22.23 2217 | 8959 | 7,939 295.37 
5 22.45 23.93 23.19 | 10.093 8.820 312.47 
6 24.49 27.90 26.20 | 12,474 10,909 352.99 
7 16.22 18.60 17.41 32.773 6,508 127.81 
8 16.90 18.60 17.75 | 24,474 | 6.887 130.95 
Merker grass (after blooming) 9 21.43 23.81 22.62 41.391 | 8.307 157.49 
10 21.66 24.27 62.97 | 41.617 | 8,219 156.76 
13 18.71 20.41 19.56 24,814 | 6.952 131.49 
14 20.30 20.75 20.53 | 34.247 6,925 131.27 
1 20.53 22.68 21.61 | 34,814 6.830 200.67 
2 20.07 21.77 20.92 | 32,432 6.249 193.81 
2/3 Merker grass + 1/3 3 20.07 22.23 21.15 | 35,948 7,188 204.89 
pigeon peas (in flower) 4 20.64 21.89 21.27 | 32.319 6,517 196.97 
5 23.47 22.68 23.08 = 34,814 6,813 200.46 
6 25.63 25.97 25.80 | 44,453 9.029 247.62 
7 19.73 20.87 20.30 | 35,608 7,102 174.34 
8 18.94 19.50 19.22 31,525 6.117 163.90 
2/3 Pard grass + 1/3 9 25.63 26.20 25.92 43,432 8,557 212.05 
pigeon peas (in flower) 10 24.95 25.86 25.41 42.071 8,267 211.45 
13 22.00 21.66 21.83 38,896 7,631 204.71 
14 23.13 22.45 22.79 39,463 7.857 207.10 
1 20.98 22.91 21.95 31,865 6,262 96.54 
: 20.58 = 21.32 31.752 6.237 96.28 
21.55 36.855 7,271 112.53 
Pard grass (after-blooming stage) 4 21.21 22.34 21.78 | 35,494 6.964 111.69 
5 24.49 24.38 24.44 | 37,309 7.391 116.13 
6 26.65 28.46 27.56 40,144 7,746 119.82 
7 20.30 21.21 20.76 35,834 | 6,003 142.42 
: 19.05 19.00 33.907 5,807 
5.97 26.54 45,020 7,763 
Paré grass (after-blooming stage) 10 25.86 26.20 26.03 49.989 8,593 182.79 
13 23.25 22.23 22.74 42,298 7.527 162.18 
14 23.36 23.70 23.53 44,793 8,010 167.97 
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52.02 45 
133.20 38.81 22.73 66 115.46 7413 | 10.69 55.94 49 
139.12 48.31 24.65 tts 114.40 69.93 11.47 68.36 56.30 45 
134.53 43.29 23.16 24.12 | 125.16 81.68 | 12.82 
149.28 52.06 37.94 15.66 76 
<< 45 6.80 20.62 13.37 pp 4.35 18.16 81 
27.42 22.25 15. 7.64 22.51 13.34 8. 4.47 23.53 84 83 
30.15 26.03 18.39 4.04 28.00 15.57 11.10 | 5 38 20.89 80 
32.39 | 26.94 20.82 «16.90 12.30 <a 25.89 91 
34.19 28.11 22.59 559 28.58 | 16.88 
34.17 28.16 1110 | 150.67 35.38 19 
28.79 48.11 186.05 161.77 | 103 137.17 58.83 30 
234.16 pope 44.62 | 196.00 151.67 42.58 
240.6 ' 194.25 52.03 
49.00 141.55 
243.25 79.36 $0.86 42.83 193.58 152.68 11.18 76.55 37 
| 130.35 
236.41 72.01 29.18 141.91 11.56 39 
253.66 78.92 32.16 | 160.09 1326 | 146.88 | 9888 
295.49 92.77 37.26 129.69 87.90 40 
| 217.59 139.15 | 97.46 41 
| 293.52 43.30 | 276.90 181. 179.12 98.84 
g2020 | 78.91 35.61 | | 12.12 | 111.03 38 
242.95 104.83 29.84, | 992.64 195.39 13.78 119.79 42 
361.51 112.15 43.28 66.71 286.70 181.93 15.02 166. 
353.41 108.49 41.78 | 86.18 34 
952.53 178.80 12.45 5.96 39 
| pop peed 23.63 245.47 161.69 102.88 37 
| | 36.04 52.72 12.08 166.03 : 
308.64 88.76 242.04 178.11 : 117.07 45 
| 29537 «86.52 33.19 258.07 153.64 12.64 | 101.83 35 
gi247 91.27 36.87 66.25 286.74 199.19 | 
| 352.99 | 58.50 55.92 49 
114.42 67.99 54.91 48 
| | 4059 | 37.20 | | 114.88 69.64 82.79 58 
| 13095 4486 | 28.78 14.17 143.32 | 72.86 12.33 | 61.49 44 
157.49 48.89 34.72 138.54 89.57 1252 56.44 48 
156.76 52.58 34.36 13.51 117.98 72.20 | 10.66 | @1 61 50.93 45 
131.49 42.57 29.06 is73 | (112.54 | 
131.27 47.68 |i £8.84 43 
159.20 102.14 | 61 51 
200.67 70.02 28.55 peed | 154.68 87.47 11.40 | bay Lg 44 45 
193.81 65.25 26.12 49.21 | 155.68 98.05 11.53 | 04.24 65.26 41 7 
204.89 79.26 30.05 | 105.84 11.60 95.42 68.12 44 
| 196.97 64.71 27.24 416.92 153.54 98.00 12.58 | Be 89.85 46 
200.46 75.40 28.48 433 118.54 14.06 104.48 
247.62 91.03 37.74 | 1433 |—_§|_ 58.59 83.11 59 
7 | 69.65 11.06 ‘ 52. 43 
’ 166.98 98.04 92 82.14 49 
212.05 80.84 35.77 45.07 | 98.77 13.85 44 
| 911.45 | 78.95 24.56 401.20 11.90 89.30 Ly 48 
| 204.71 31.90 | 16381 |. 96.75 | 12.42 
20710 | 76.13 32.84 38.48 46 
| 13.72 82.82 56.30 . 29 46.18 54 
| 36.07 10.81 85.47 50.91 15.55 49.29 
48.08 30.29 17.69 94.84 46.83 55.21 54 
111.69 | 38.76 29.11 9.65 102.0 13:32 48.78 
| 116.13 44.26 30.89 13.37 | 102.76 62.10 co | | | 
119.82 | 48.53 32.38 16.15 72.04 56 
142.42 25.09 13.89 68.13 10.36 57.77 53 
143.24 77.07 14.46 62.61 84.16 52 
182.79 35.92 21 42 161.37 91.40 14.19 72.76 52 
182.79 | 2.39 
162.18 R282 | 31.48 21.36 140.82 | i282 | (68.08 80.05 54 
167.57 53.37 | 33.48 | 19.89 148.08 | 
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TABLE 12 
DIGESTIBLE NUTRIENTS PRODUCED PER CUERDA* OF 
GREEN LEGUMES AND GRASSES 


Yield Crude Ether- Total 

No. Ration per Dry protein Crude N-free soluble digestible 
| cuerda matter (N x 6.25) fiber extract extract matter 
Pounds Pounds Pounds Pounds Pounds Pounds Pounds 
1 Cow pea (starting blooming) 22.200 1,578 357 384 688 75 1,598 
2 Cow pea (full-blooming stage) 22,200 1,678 431 355 706 91 1,697 
AVERAGE 22,200 1,628 394 370 697 83 1,648 
3 Cow pea (full pods) 16,400 1,776 280 367 850 52 1,614 
4 Merker grass (after blooming) 64,000 8,749 832 3,494 3,667 262 8,583 
5 do. 64,000 7,782 1,069 2,650 3.558 250 7,840 
AVERAGE 64,000 8,266 951 3,072 3,613 256 8,212 
6 Yaragua grass (full bloom) 42,000 6,502 76 2,855 3,515 122 6,722 
a Alfalfa hay 13,600 6,551 1,418 2,175 2,332 87 6,121 
8 do. 13,600 6,748 1,496 2,462 2,077 78 6,211 
9 do. 13.600 6,735 1,357 2,047 2,429 33 5,907 
AVERAGE 13,600 6,678 1,424 2,228 2,279 66 6,080 
10 Merker grass (after blooming) 64,000 7,725 838 3,066 3,334 237 y Py 
13 Para grass (after blooming) 56,000 6,692 582 2,229 3,377 157 6,541 
14 do. 56,000 5,617 790 1,490 2,834 129 5,404 
AVERAGE 56,000 6,155 686 1,860 3,106 143 5,973 


* Land measure equivalent to 0.9712 acre. 
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GULAdWOO AMVLINI AO SHDVINGOUGd HLIM VIvd NADSOULIN 
St or 
NET PROTEIN VALUES OF THE LEGUMES AND GRASSES FED SINGLY 
AND IN COMBINATION TO LAMBS 


Wet basis 

Average 
° Trial Protein | Coefficient | pigestible | biological Net 
g No. Item in feed (of apparent’ protein value of protein 
5 consumed | digestibi- digestible content 
lity protein 
= 
Percent Percent | Percent 
z 1 Cow pea (starting blooming) | 2.09 TH 1.61 33 | 0.531 
|Cow pea (full-blooming stage) 2.45 79 1.94 40 | 0.776 
|Cow pea (in full pods) | 2.25 76 1.71 47 | 0,804 
4 4 Merker grass (after blooming) 2.07 63 1.30 47 0.611 
is) 5 do. 2.49 67 1.67 47 0.785 
+ 10 do. 1.95 67 1.31 49 0.642 
- 
3 AVERAGE | 48 0.679 
6  |Yaragué grass 0.99 18 0.18 | 83 0.149 
< 
mi 7 Alfalfa hay \ 15.11 69 10.43 33 3.44 
do. 15.72 70 11.00 39 4.29 
= 9 do. 14.25 70 9.98 37 3.69 
5 : AVERAGE 15.03 70 | 10.47 | 36 3.81 
; 11 |2/3 Merker grass + 1/3 2.99 64 | 1.91 | 45 0.860 
= pigeon peas (in flower) | | 

12 |2/3 Para grass + 1/3 | 2.56 62 1.59 49 0.779 

pigeon peas (in flower) 

* 13 Para grass (after blooming) 1.70 61 1.04 | 53 0.551 

14 do. 2.07 68 1.41 53 0.747 

AVERAGE | 1.89 65 | 1.23 | 53 | 0.649 
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THE NUTRITIVE VALUES OF SOME FORAGE CROPS OF PUERTO RICO 


TABLE 17 


VITAMIN A ACTIVITIES OF GRASSES AND LEGUMES 
(SHERMAN UNITS) 


Vitamin A unit 


“Yaragua” grass, whole, air-dried 
Merker grass, whole, air-dried 
Alfalfa hay, whole, air-dried* —_-_ 
Cow peas, pod stage, whole, air-dried 
Cow peas, flower stage, whole, air-dried 

Velvet beans, flower stage, whole, air-dried 
Soy beans, flower stage, whole, air-dried 
Soy beans, pod stage, whole, air-dried 


* Dried in the field. All others were dried in the laboratory. 
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CHEMICAL ANALYSES OF GRASSES: 


By Joseph H. Axtmayer, G. Rivera Hernandez and D. H. Cook with the 
technical assistance of José A. Goyco and M. C. de Fernidndez2 


From the Department of Chemistry of the School of Tropical Medicine, Sap 
Juan, Puerto Rico and the Department of Chemistry of the Agricultural 
Experiment Station, Rio Piedras, Puerto Rico. 


The object of this study was to find through the medium of 
a systematic survey, grasses which would be worthwhile a trial 
in our studies of the nutritive values of forage crops of Puerto 
Rico. Although the findings from a chemical analysis of a grass 
do not yield all the data necessary for judging its nutritive value, 
nevertheless, some light is shed upon its possibilities. Grasses of 
good nutritive qualities with root systems capable of reducing soil 
erosion would be of double value to the agricultural economics of 
the Island. 


Puerto Rico imports large quantities of mixed feed concen- 
trates used by the dairy industry. Even so, the milk production 
is insufficient to meet the needs of the inhabitants of the Island, 
were each individual to receive the daily amount considered ade- 
quate by our present knowledge of optimum nutritional require- 
ments. It is also expensive, considering the income of the lower 
class of people. We see no reason why uncultivated regions could 
not be used to produce crops which could be used as forage, not 
only for grazing, but for cutting and mixing with other crops in 
the preparation of concentrates. 


MATERIALS 


All the grasses analyzed had been cut during the blooming 
stage with the exception of sample 64, same grass as sample 63, 


1 Cooperative project between the School of Tropical Medicine and the 
Agricultural Experiment Station. 

2 Mr. G. L. Crawford, Chief, Soil Conservation Service in Puerto Rico, and 
Dr. H. W. Alberts cooperated by furnishing samples of varieties and species and 
also valuable agronomic data. 
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which was cut during the after-blooming stage. Our reason for 
collecting the grasses for analysis during the blooming stage was 
to obtain comparable samples. Although it is known that an act- 
ively growing unmature grass, contains more protein and more 
total digestible nutrients than the more mature plants, the flower- 
ing stage was selected for the sake of uniformity. 


METHODS OF ANALYSIS 


The samples were brought to the laboratory as soon as cut. 
They were then cleaned, cut into smaller sizes, weighed and placed 
in a large horizontal flow, forced-air oven for the moisture deter- 
minations. When dry, they were ground in a Wiley mill, and the 
powder stored in air-tight bottles for the determinations of the 
other constituents. The analyses were performed according to 
the methods of the Official Agricultural Chemists. All analyses 
for a given constituent were performed in duplicate. 


DISCUSSION 


The analyses of the grasses as reported on the dry basis show 
that some are quite rich in total crude protein, and would yield 
a hay of some nutritional value. Those yielding a percentage of 
protein above ten (10) could be used for this purpose. 

They are low in ether-soluble extract (fat) and high in crude 
fiber, as is to be expected. The nitrogen-free extract (carbo- 
hydrates) averages around 45-50% and is a good source of energy. 

The most favorable ratio of calcium to phosphorus for growth 
and bone formation is between 2 and 1 and 1 and 2. With the 
amount of ultraviolet radiation available throughout the year in 
the sunshine of Puerto Rico, an abundance of vitamin D for the 
mobilization of the calcium and phosphorus is assured. The calcium 
and phosphorus ratios of the grasses studied are all narrow and 
within the limits of profitable utilization. 

Abundance of all the other vitamins is also a certainty in the 
fresh grasses but may be reduced when these are dried. 

Nutritional studies which have been planned include some of 
these grasses, to be used either fresh, as cut, or as hay, in the 
experimental rations. The formulation of a cheap ration, nutri- 
tionally adequate, consisting of crops grown in Puerto Rico would 
be of great help in the production of cheap milk which is of such 
great importance in human dietaries. 
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SUMMARY 


Chemical analyses of eighty-three grasses, calculated on the 
wet and dry basis, are reported. Their composition is discussed 
from a nutritional point of view. 

Scientific, English and Spanish common names of the grasses 


are also given. 
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SUMMARY 


Chemical analyses of eighty-three grasses, calculated on ti] 
wet and dry basis, are reported. Their composition is discuss 


from a nutritional point of view. 


Scientific, English and Spanish common names of the grasy 


are also given. 
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